A number of studies have shown that patients with acute myocardial infarction (AMI) presenting during off-hours (weekday nights, weekends, and holidays) have higher mortality compared to those presenting during regular hours and that patients with ST-segment-elevation myocardial infarction (STEMI) have longer door-to-balloon times[@b1]. However, among patients with NSTEMI, findings regarding outcomes for patients admitted during off-hours are conflicting. While several studies showed an increased risk of death for patients admitted during off-hours[@b2][@b3], others did not[@b4][@b5][@b6]. We postulated that patients admitted during off-hours may be at an increased risk of death. Therefore, we performed a systematic review to evaluate the available evidence on the association between off-hours admission and in-hospital mortality for patients with NSTEMI.

Methods
=======

Search strategy
---------------

We performed a systematic search the MEDLINE, COCHRANE, EMBASE, and PUBMED databases up to November 10, 2014 with no restriction on date or language. The following keywords were used: "NSTEMI", "time", "off-hours", "weekend", "admission", and "presentation". References of relevant reports and review articles were also reviewed manually.

Inclusion criteria
------------------

Studies were eligible if they compared the clinical outcomes between patients with NSTEMI admitted during off-hours to those admitted during regular hours. Studies were excluded for the following reasons: (a) lack of data on mortality; (b) published in abstract form only; (e) inclusion of participants less than 18 years of age; and (d) not published in a peer-reviewed journal.

Data Extraction and Quality Assessment
--------------------------------------

Using a standardized data extraction protocol, two reviewers (X. T. Wang and J. Yan) independently extracted and collected the data. Disagreements or uncertainties were resolved by discussion of the two reviewers or by consultation with a third author (L. Li). When necessary, we attempted to contact the original authors for additional information. The extracted study characteristics included the first author, publication year, number of enrolled patients, study type, country, study period, definition of off-hours, variables adjusted for, and outcomes. We also abstracted the adjusted relative risk estimates (odds ratios \[ORs\]) of mortality with the corresponding 95% confidence intervals (CIs). Quality assessment was performed using the Newcastle-Ottawa Scale (NOS)[@b7], which consists of 3 domains: cohort selection, comparability, and outcome. The maximum NOS score for an observational study is 9 points (4 points for selection, 2 points for comparability, and 3 points for outcome).

Statistical analysis
--------------------

A meta-analysis of the summary statistics from individual trials was performed using Stata software, version 12.0 (Stata Corporation, College Station, TX) by means of a DerSimonian and Laird random effects model[@b8]. The strength of the association between off-hours admission and in-hospital mortality for patients with NSTEMI was assessed by OR with 95% CI. The standardized mean difference (SMD) with 95% CI was used to express the pooled effect on measurement data. For continuous variables presented as medians with interquartile ranges (IQRs), the mean and standard deviation (SD) were estimated using the median and the estimator SD = IQR/1.35[@b9]. The significance of the pooled OR and SMD was determined by the Z test. Heterogeneity among studies was evaluated by a chi-square-based Q-test[@b10]. We considered a *P*~*Q*~ value \< 0.1 as indicative of heterogeneity. For all other analyses, a *P* value \< 0.05 was considered statistically significant. We performed subgroup analysis according to the definition of off-hours to explore the sources of heterogeneity among studies. Sensitivity analysis was performed by sequential omission of individual studies to assess the robustness of the results. Publication bias was evaluated by performing a linear regression of the standardized effect estimates against their precision according to the Egger's test[@b11].

Results
=======

Search results
--------------

Our search strategy retrieved 324 potentially relevant articles, 76 of which were reviewed as full articles. Five studies that met our inclusion criteria were included in our systematic review and meta-analysis. [Figure 1](#f1){ref-type="fig"} summarizes the process of identifying eligible studies[@b2][@b3][@b4][@b5][@b6].

Study and patient characteristics
---------------------------------

The characteristics of the selected studies are shown in [Table 1](#t1){ref-type="table"}, including author, publication year, number of enrolled patients, study type, country, study period, definition of off-hours, variables adjusted for, outcome assessed, and NOS score. All included studies had a cohort design. Four studies[@b2][@b3][@b4][@b6] were conducted in North America (United States and Canada), and one study[@b5] was conducted in Asia. The total pooled study population was 129,548 patients. All included studies had reported multivariate adjusted ORs for in-hospital mortality for patients admitted during off-hours and those admitted during regular hours. In three studies, the definition of off-hours included weekday nights[@b4][@b5][@b6], while in the other two studies, the definition of off-hours included only weekends and holidays[@b2][@b3].

In-hospital mortality
---------------------

In-hospital mortality was reported in all 5 studies, providing data for 129,548 patients with NSTEMI[@b2][@b3][@b4][@b5][@b6]. There was no difference in the adjusted odds of death between patients admitted during off-hours and those admitted during regular hours (OR = 1.02 \[95% CI (0.93--1.13)\], *P* = 0.687) ([Fig. 2](#f2){ref-type="fig"}). Significant heterogeneity was observed among the studies (*P*~*Q*~ = 0.03). To explore the sources of heterogeneity, we performed subgroup analysis according to the definition of off-hours, with the following OR for death in patients admitted during off-hours: no weekday nights (OR = 0.96 \[95% CI (0.91--1.02)\], *P* = 0.187), heterogeneity *P*~*Q*~ = 0.938; and weekday nights (OR = 1.22 \[95% CI (0.84--1.79)\], *P* = 0.296), heterogeneity *P*~*Q*~ = 0.011.

Door-to-balloon time
--------------------

A total of 4 studies reported door-to-balloon time and provided data for 84,007 participants. The door-to-balloon time in patients with NSTEMI who were admitted during off-hours was not longer than that for those who were admitted during regular hours (SMD = 0.37, \[95% CI:−0.002 to 0.73\], *P* = 0.051) ([Fig. 3](#f3){ref-type="fig"}). There was significant heterogeneity among the studies (*P*~*Q*~ \< 0.001). We performed subgroup analysis according to the definition of off-hours to explore the sources of heterogeneity. The results were as follows: no weekday nights (SMD = 0.54, \[95% CI: −0.07 to 1.15\], *P* = 0.082), heterogeneity *P*~*Q*~ \< 0.001; and weekday nights (SMD = 0.19, \[95% CI: 0.01 to 0.37\], *P* = 0.036), heterogeneity *P*~*Q*~ \< 0.001.

Sensitivity analysis
--------------------

A sensitivity analysis was performed by removing one study at a time. The corresponding combined ORs were not materially altered after the removal of any study, suggesting that our results have high robustness ([Fig. 4](#f4){ref-type="fig"}).

Publication bias
----------------

Linear regression of the standard normal deviate against precision suggested that the intercept did not significantly deviate from zero (*P* = 0.303). Therefore, according to Egger's test, the results showed no evidence of publication bias ([Fig. 5](#f5){ref-type="fig"}).

Discussion
==========

The major finding of this systematic review and meta-analysis is that in-hospital mortality of patients with NSTEMI admitted during off-hours was similar to those admitted during regular hours, even after adjusting for all patient covariates. Furthermore, off-hours admission did not result in longer door-to-balloon time; however, a subgroup analysis according to the definition of off-hours showed that weekday night admissions were associated with a longer door-to-balloon time. Off-hours admission may not be associated with a change in the risk of in-hospital mortality; however, significant heterogeneity was observed in the pooled analysis of individual study results.

According to our own survey of the literature, this is the first systematic review and meta-analysis to specifically assess the "off-hours effect" among NSTEMI patients. It is not entirely clear why admission during off-hours was not significantly associated with short-term mortality in this NSTEMI population.

Data regarding the "off-hours effect" in AMI are conflicting. Previous analyses revealed that patients with MI and heart failure who were admitted during off-hours had significantly higher adjusted in-hospital mortality[@b12][@b13][@b14]. These results were thought to be attributable to delayed reperfusion. Ting and colleagues found that admission during off-hours can increase the delay in reperfusion[@b15]. However, several other studies provided evidence that off-hours admission was not associated with in-hospital mortality in patients with MI[@b16][@b17][@b18]. The association between off-hours admission and mortality has also been evaluated in intensive care units (ICUs), and the results suggested that patients admitted to the ICU over the weekend have a higher risk of dying than those admitted on weekdays[@b19]. The lower level of staffing and intensity of care over the weekend may account for this finding[@b19].

The importance of time to intervention to establish reperfusion is well-recognized in the STEMI population. In contrast, the optimal time to intervention has not clearly been elucidated in those with NSTEMI[@b20]. An early invasive strategy has not been shown to result in lower mortality in patients with NSTEMI. A related study suggested that the overall relationship between delay times and in-hospital mortality was generally not strong for patients with NSTEMI[@b21]. Our findings show that in patients with NSTEMI admitted during off-hours, door-to-balloon time may not be prolonged and in-hospital mortality may not increase.

A subgroup analysis of studies whose definition of off-hours included weekday nights showed that weekday night admissions were associated with a longer door-to-balloon time. Physicians have been shown to perform psychomotor tasks less proficiently at night[@b22], and there are fewer health care professionals and experienced workers at night. We suspect that these factors might result in a longer door-to-balloon time. However, weekday night admissions were not associated with a change in in-hospital mortality. As long as a similar intensity of medical therapy is maintained, including the rates of antithrombotic therapy, antiplatelet therapy, and beta blocker use, possible delays in the timing of invasive treatment strategies for patients with NSTEMI do not result in a significantly increased death risk. However, a recent study found that off-hours admission was significantly associated with higher complication rates, especially ventricular arrhythmias and gastrointestinal bleeding[@b23]. Physicians should pay attention to this phenomenon and implement preventive measures. Regardless of the time of presentation, patients should have the same likelihood of receiving evidence-based treatment and timely reperfusion therapies, and hospitals should have the same number of hospital staff with the same level of expertise working at all times.

For better interpretation of the results, some limitations in this study should be acknowledged. First, the results were derived from observational studies; therefore, as with all observational data, residual confounding is possible. Second, the study population was not randomized. The patients' baseline characteristics may confound the difference in mortality between patients admitted during off-hours and regular hours. Third, due to insufficient data, the following variables were not assessed: door-to-needle-time, composite major complications, and risk score. However, we believe that in-hospital mortality is one of the best tools to assess differences between the results of admission during regular hours and off-hours. Fourth, 5 studies were not enough to assess whether being admitted with NSTEMI during off-hours was associated with increased in-hospital mortality. The differences observed in this meta-analysis may have been caused by chance due to the small sample sizes of the included studies. Thus, the results regarding the relationship between off-hours admission and in-hospital mortality should be interpreted with caution. Finally, we were only able to compare in-hospital outcomes. It is unknown whether longer-term mortality is different between patients admitted during regular hours and those admitted during off-hours.

Conclusions
===========

In conclusion, our systematic review suggests that off-hours admission has limited impact on in-hospital mortality and door-to-balloon time among patients admitted with NSTEMI. Time of admission may not be a risk factor for increased in-hospital mortality.
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###### Characteristics of studies included in the meta-analysis.

  First author, year    Country   Study period        Study type        Total No. of patients                                    Off-hours                                                Outcome assessed                                                                                                                          Adjusted variables                                                                                                                NOS score
  -------------------- --------- -------------- ---------------------- ----------------------- ------------------------------------------------------------------------------ ---------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------
  Ryan,2005               USA      2001--2003    Retrospective cohort          41,269                             Between 5PM on Friday and 7AM on Sunday                      In-hospital mortality, Door-to-balloon                                                              Age, sex, race, hypertension, diabetes mellitus, smoking, hypercholesterolemia, prior CABG, positive cardiac markers                                                                   7
  Jneid,2008              USA      2000--2005    Retrospective cohort          42,535                          Weekends, holidays, and 7PM to 7AM weeknights                           In-hospital mortality                                                                   Age, sex, race, BMI, insurance type, systolic BP, cardiac diagnosis, ST elevation or left bundle branch block, comorbidities                                                               8
  Pollack,2009            USA      2001--2003    Retrospective cohort          34,297                          Weekends, holidays, and 7PM to 7AM weeknights                   In-hospital mortality, Door-to-balloon   Age, sex, race, BMI, insurance status,smoking, family history of CAD,comorbidities, ischemic ST changes, signs of heart failure, heart rate, systolic BP, cardiologist care, hospital condition, teaching status, interventional capability       8
  Gyenes,2013           Canada     1999--2008    Retrospective cohort           6,711           From Friday 4 PM until 4 PM of Sunday or 4 PM of the last day of the holiday   In-hospital mortality, Door-to-balloon                           Age, Killip class, systolic BP, heart rate, initial creatinine, cardiac arrest at presentation, ST deviation, positive cardiac markers, history of TIA/stroke, on-site coronary angiography                               9
  Kim,2014               Korea     2005--2008     Prospective cohort            4,736                       Weekdays 18:01 PM to 8:59AM, weekends, and holidays                In-hospital mortality, Door-to-balloon                age, gender, CPR, Killip class,primary VT, cardiovascular risk factors, previous MI, chronic heart failure, comorbidities, PCI performed,cardiogenic shock, left ventricular ejection fraction, GRACE risk score                     9

BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; GRACE, global registry of acute coronary events; MI, myocardial infarction; NOS, Newcastle-Ottawa Scale; TIA, transient ischemic attack; VT, ventricular tachyarrhythmia
